Against the backdrop of the enhanced importance of technology transfer in the context of the ongoing climate change negotiations, the potential of the Clean Development Mechanism (CDM) as a vehicle for technology transfer has been underscored. This study undertakes an empirical exploration of the extent to which the CDM is contributing to technology transfer and what is the nature of that technology transfer. The study presents an operational definition of technology transfer in the context of the CDM and applies this definition to a dataset of the first 1000 registered CDM projects. The core finding that emerges from the study is that the contribution of the CDM to technology transfer can at best be regarded as minimal.
Introduction
Technology lies at the heart of development process of any country. Given that the lion's share of technologies, including climate-related technologies, still originates from developed countries 1 , North-South technology transfer (TT) assumes enormous significance for developing countries. Endeavours on the part of developing countries to follow a low-carbon development trajectory are also contingent, in large measure, upon technology transfer from developed countries 2 . The United Nations Framework Convention on Climate Change (UNFCCC) recognizes the need for technology transfer in various provisions (e.g. Article 4.5) and has over the years undertaken several initiatives towards implementing them, albeit with very limited headway. It was, however, only with the Bali Action Plan that the issue moved to the centre stage 3 . Against the backdrop of the enhanced importance of technology transfer in the context of the ongoing negotiations, the potential of the Clean Development Mechanism (CDM) as a vehicle for technology transfer has been underscored. The UNFCCC itself has come out with three studies on this subject since 2007 (Seres et al., 2007; Seres and Haites, 2008; UNFCCC, 2010b) . All this is despite the fact that technology transfer is not the core objective of the CDM, which is an offset mechanism under the Kyoto Protocol. The CDM is aimed at helping developed countries to achieve their respective emissions targets under the Kyoto Protocol in a costeffective manner, by purchasing Certified Emission Reduction (CER) credits from the projects hosted in developing countries, while at the same contributing to sustainable development in the developing countries 4 . However, according to the UNFCCC rules, it is the prerogative of the host countries 5 to flesh out the criteria for sustainable development, which may or may not include technology transfer 6 .
While the future of the Kyoto Protocol itself has been shrouded in uncertainty, the Cancun Conference has opened a window for the continuity of the market-based mechanisms of the Protocol, such as the CDM 7 , and has also emphasized the "importance of contributing to sustainable development, including through technology transfer and other co-benefits" via such mechanisms under the new regime 8 . In this context, it becomes particularly important to understand to what extent the CDM has been contributing to technology transfer and also explore the nature and characteristics of the technology transfer. Evidence-based insights on these critical issues may facilitate the design and governance of any offset mechanism under the emerging regime so as to improve its contribution to technology transfer. This study is an endeavour towards that end.
The study makes a value addition to the existing literature in some important respects. Whereas most of the multi-country studies (Haites et al., 2006; Seres et al., 2007; Dechezleprêtre et al., 2008; Seres and Haites, 2008; Dechezleprêtre et al., 2009; UNFCCC, 2010b) base their analysis on explicit claims on technology transfer made in the CDM Project Design Documents 9 , the present paper enumerates technology transfer on the basis of an operational definition. This study undertakes a richer and more in-depth scrutiny of the various kinds of foreign involvement, explores the extent of interlocking of the various roles played by these foreign entities, and also considers their potential influence on technology transfer. While most of the multi-country studies (Haites et al., 2006; Seres et al., 2007; Dechezleprêtre et al., 2008; Seres and Haites, 2008; Dechezleprêtre et al., 2009; UNFCCC, 2010b) gather detailed information on the CDM projects from the UNEP Risoe Center CDM Pipeline Database, this study builds upon an exclusive database that has been constructed by collating information primarily from the original CDM Project Design Documents.
The structure of the paper is as follows. Section 2 develops the concept of technology transfer largely in line with evolutionary approaches and arrives at an operational definition of technology transfer in the context of the CDM in light of the aforesaid conceptualizations. Section 3 describes the data sources and methodology, while Section 4 presents the findings from the empirical exercise. Section 5 discusses some of the caveats of the study, and finally Section 6 concludes the paper.
Operational definition of technology transfer under the CDM
Neither the Marrakesh Accords 10 nor any other UNFCCC official document contains a clear cut definition of technology transfer. Even most of the developing countries that have included technology transfer under the sustainable development criteria for CDM projects do not define the concept of technology transfer clearly 11 . Given such lack of clarity as to what is meant by technology transfer in the CDM context, different CDM project developers seem to have taken the liberty to interpret the concept in their own ways (often with the aim of facilitating the approval of the project) as evidenced by an in-depth scrutiny of the Project Design Documents undertaken in this study 12 . However, in order to undertake an analysis of technology transfer under the CDM, it is essential to be clear as to what is meant by technology transfer. This section is an attempt in that direction.
Technology transfer is a complex, multi-dimensional concept. Its definition varies widely depending on the subject discipline, context and the perspective from which it is conceptualized. According to the 1985 Draft International Code of Conduct on the Transfer of Technology negotiated under the aegis of the United Nations Conference on Trade and Development (UNCTAD), technology transfer refers to "the transfer of systematic knowledge for the manufacture of a product, or the application of a process or for the rendering of a service and does not extend to the transactions involving the mere sale or mere lease of goods (emphasis added)". While the UNFCCC does not define technology transfer, the definition of technology transfer that is most frequently referred to in the climate change context is the one developed by the Intergovernmental Panel on Climate Change (IPCC). IPCC (2000:3) defines technology transfer as a broad set of processes covering the flows of know-how, experience and equipment for mitigating and adapting to climate change amongst different stakeholders such as governments, private sector entities, financial institutions, NGOs and research/education institutions. Notably, the treatment of technology transfer in this definition is much broader than that in any article of the Framework Convention. While the Convention focuses only on international technology transfer, particularly from developed countries to developing countries, the IPCC definition not only covers all kinds of international technology transfer (including North-South technology transfer), but also encompasses within-country technology transfer among different stakeholders. This study, however, confines its scope to international technology transfer alone, with a particular focus on North-South technology transfer.
Notably, the aforesaid UNCTAD definition, developed specifically in the context of international technology transfer, emphasizes the knowledge element of technology transfer. It clearly indicates that mere import of goods (say, equipment) should not be regarded as technology transfer. In a similar vein, the IPCC definition does not confine its scope to 'equipment' or the hardware element of a technology only; it also includes software elements like 'know-how' and 'experience', i.e. the knowledge dimension of a technology. Thus, the IPCC definition, when juxtaposed in the international context, implies that technology transfer is not merely about equipment import; rather it is "a broad set of processes" that includes, among other things, the flow of technological knowledge in the form of "know-how" and "experience". According to IPCC (2000:3) , technology transfer comprises the process of learning to understand, utilize and replicate the technology, including the capacity to choose it and adapt it to local conditions and integrate it with indigenous technologies.
It is evident then that the ambit of technology transfer goes well beyond mere import of equipment. In fact technology transfer is a complex, multi-stage process. As Foray (2009: 4) puts it, a successful technology transfer goes through several phases of consolidation: (a) absorption and learning; (b) adaptation to the local environment and needs; (c) assimilation of subsequent improvements; and finally, (d) generalization.
This underscores the importance of technology learning and technological capability building in developing countries. However, this is not to disregard the importance of technology import in the context of the technological development of the developing countries. Given that developing countries, generally, are not innovating at the frontier, import of technology from developed countries often becomes essential for the former group. Technology import is not, however, a substitute for indigenous capability development.
These conceptualizations of technology transfer are quite in line with the evolutionary theories of economic growth. Technology, according to this school of thought (Nelson and Winter, 1982; Mowery and Rosenberg, 1989) , is not sold in embodied forms; nor is it fully codifiable. Technology has important 'tacit' elements that need effort and time to master. Hence, transfer necessarily requires learning. Technological mastery entails building costly new capabilities that not only require time, effort and investment, but is also fraught with risks and uncertainties. Efficient use of an imported technology cannot, therefore, be assumed to be an automatic or simple process. As observed by Lall (1993) , a successful transfer of a new technology to a developing country has to include a major element of capability building; simply providing equipment and operating instructions, patents, designs or blueprints does not ensure that the technology will be properly used. These 'embodied' elements of a technology have to be accompanied by a number of 'tacit' elements, which have to be taught and learned (Lall, 1993: 720-1) . Physical capital is in some sense a basic capability, since plants and equipments are clearly necessary for an industry to exist, but the efficiency with which physical capital is utilized is no less important either. Here comes the importance of development of skills and undertaking technological effort.
Juxtaposing this approach in the context of the CDM, if it is found that a CDM project involves technology and/or equipment import only, it is not considered to be a case of technology transfer for the purpose of the empirical exercise undertaken in this study 13 . Only when such import is found to contribute towards technological learning and capability building in the host country, in some form or the other, is it regarded as a case of technology transfer. In line with this reasoning, a CDM project is considered as contributing to technology transfer when any of the following three scenarios is found to hold for that project: Type I TT: A host country entity develops a technology, specifically for a CDM project, in collaboration with some foreign entity; Type II TT: A 'technology and/or equipment import' is accompanied by in-house technological efforts by the host country project participant towards adapting or improving upon the imported 'technology and/or equipment'; Type III TT: A 'technology and/or equipment import' is accompanied by training by foreign entities on operation and maintenance of the imported 'technology and/or equipment'. However, the aforementioned classification of technology transfer need not be mutually exclusive in the sense that more than one classification may hold simultaneously for a particular CDM project.
The word 'specifically' is emphasized in the case of Type I TT because, any foreign technology collaboration beyond the project boundary of a CDM project, i.e. any collaboration that is not undertaken specifically for a CDM project, is not considered to be a case of technology transfer for the purpose of the present study 14 .
It also needs to be underscored that in terms of technological learning and capability building, Type I and II TT may be regarded as superior to Type III TT, because Types I and II comprise undertaking technological efforts by the host country entities that help in technological capability building. In case of Type I TT, the technological efforts are undertaken by a host country entity in collaboration with some foreign entities for developing a technology specifically for a CDM project. Here the host country entity is getting a hands-on experience in technology development through foreign collaboration. Thus, technological knowledge is getting transferred from the foreign entities to the host country entity through the CDM, thereby contributing towards technology learning and capability building in the host country. In the case of Type II TT, the technological efforts are undertaken by the host country project participant in-house, with the aim of adapting or improving upon the imported technology and/or equipment to its own needs and conditions. In this case, technology import is contributing towards indigenous capability building in the host country through in-house technological efforts by the importer. In contrast to the first two types, Type III TT comprises training on operation and maintenance of an imported technology and/or equipment. This is the basic capability that an importer needs to acquire in order to be able to use the imported technology and/or equipment efficiently. In other words, the scope of capability building under Type III TT is confined only to the basic level of operational knowledge.
It may further be noted that import of a technology may not always be accompanied by import of equipment(s) and vice versa. For instance, import of manure handling technology design and operational procedures need not be accompanied by equipment import. In such cases, a CDM project is considered as involving only technology import but no equipment import. On the other hand, there may be some projects in which the main technology and equipments are procured locally, while one or two minor equipments are imported. In such cases, a CDM project is considered as involving only equipment import but no technology import. In this study, 'technology and/or equipment import' covers all the cases where a CDM project in the database is found to involve one of the following: (a) only technology import; or (b) only equipment import; or (c) both technology and equipment import. For the subsequent discussions in this paper, an umbrella term 'technology import' has been used that encompasses all the above three categories.
Data sources and methodology
The main data sources used for this study are the Project Design Documents and other relevant information pertaining to the CDM projects covered, as available on the web portal of the UNFCCC 15 . The first registered 16 CDM project is the Brazil Nova Gerar Landfill Gas to Energy Project, which got registered with the UNFCCC CDM Executive Board with effect from 18 November 2004. Starting from this project, the Project Design Documents and other relevant information on the first 1000 registered projects have been downloaded in a chronological manner from the UNFCCC web portal -the registration date of the 1000 th project being 26 March 2008. A template has been designed for systematic compilation of the raw data. The required information, including all the technology-related information, has been collated from the Project Design Documents and the relevant web pages on the UNFCCC web portal and inserted in the relevant parts of the database template. Notably, in the Project Design Documents, the technology to be employed in the project activity is usually described in Section A.4.3. The UNFCCC guidelines for completing the Project Design Document specify that "this section should include a description of how environmentally safe and sound technology, and knowhow to be used, is transferred to the host Party(ies)". However, this is not mandatory; hence no section as such is solely devoted to technology transfer. In fact, technology transferrelated information can often be found in various other sections, such as 'Description of the project activity' (A.2) or 'Barrier analysis' (B.4). Sometimes, Section G of a Project Design Document that usually comprises stakeholders' comments may be observed to contain some useful information on technology or equipment suppliers. It could also be possible that the information on the technology employed is actually contained in the annex of a Project Design Document.
Given that technology-related information may well be scattered in different parts of a Project Design Document, the entire Project Design Document has been carefully scrutinized for each of the 1000 projects, so as not to miss out on any information useful for the study. For classification of each project under the various categories, the categorization developed by the UNEP Risoe Center CDM Pipeline 17 has been adopted (see Table 1 ). Most of the information included in the database template by following the aforementioned steps is qualitative information. In order to make all this information amenable to quantification for the purpose of analysis, separate columns have been inserted in the database template in which relevant qualitative information have been numerically codified (e.g. 1 for 'Yes'; 2 for 'No'; 3 for 'Not applicable', etc.). After constructing the database, a detailed cross-tabulation exercise has been carried out in order to generate a series of pivot tables and graphs for the purpose of analysis. 
Findings and analysis

Key features of the dataset
The database that has been constructed for this study comprises 1000 projects spread across 49 host countries and 23 project categories, accounting for an estimated annual emission reduction of 208240 kt CO2e/year. The distribution of projects is highly uneven across host countries. Only four countries, namely India, China, Brazil and Mexico (in that order) are host to as many as 745 projects. Only 16 countries host at least 10 projects each; while 14 countries host only one project each. The distribution of projects is highly uneven across project categories also. Only five categories -Biomass Energy, Hydro, Wind, Agriculture and Landfill Gas -account for as many as 713 projects. Only 13 categories have at least 10 projects each, whereas three categories have only one project each. In terms of the share in total estimated annual emission reduction from all 1000 projects also, the top four host countries account for the lion's share (77%). In contrast, the shares of the top five categories in the total estimated annual emission reduction is only 28%. The two categories of industrial gas projects, namely Hydrofluorocarbons (HFCs) and Nitrous Oxide (N2O), account for a disproportionately large share of the total estimated annual emission reduction with only a handful of projects, owing to their very high Global Warming Potential. The average project size in the database is 208 kt CO2e/year. The number of large-scale projects (539) in the database is considerably higher than that of small scale projects. Table 2 depicts the distribution of projects with technology transfer by host country and estimated annual emission reduction. From the last row of the table it could be observed that among the projects studied, 27% have been found to comply with the operational definition of technology transfer. Overall, these projects account for 46% of total estimated annual emission reduction. In other words, the projects involving technology transfer are, on average, substantially larger than those not involving any technology transfer.
Technology transfer by host country
The percentage share of projects with technology transfer varies widely across countries. Among the top 16 host countries, Mexico has the highest share of projects involving technology transfer (see Table 2 , Col.8), whereas Peru has the lowest share (with no projects involving technology transfer). Apart from Mexico, the share of projects with technology transfer is fairly high (>60%) in Argentina and Israel. The share is very low (<20%) in India, Chile, Colombia, Ecuador, Honduras, and the Philippines (see Col. 8).
In terms of the number of projects involving technology transfer, Mexico again tops the list, followed by China, Brazil and India, in that order (see Table 2 , Col. 3). All together these four countries -that are also the top four recipients of projects in the database -are host to 194 of the 265 projects involving technology transfer. Thus, the top four countries also dominate the number of projects with technology transfer 18 . Out of the 265 projects involving technology transfer, only six projects involve superior types (Types I/Type II) of technology transfer (see Table 2 , Col.4). Leaving aside these six projects, the rest of the projects (259) In terms of the number of projects involving technology transfer, Agriculture once again tops the list (see Table 3 , Col.3), while Biogas comes a distant second, followed closely by Wind and Landfill Gas. Interestingly, apart from Agriculture, Wind and Landfill Gas, the other two categories in the top five, namely Biomass Energy and Hydro, have very few projects with technology transfer. However, primarily owing to the large number of projects with technology transfer in Agriculture, the top five categories all together still dominate the number of projects with technology transfer (173 out of 265) 21 .
Technology transfer by project category
As noted before, projects involving technology transfer are, on average, substantially larger than those not involving any technology transfer. This is true for most of the project categories as well. In case of nine categories (see the highlighted cells in Col. 8 and 9 in Table 3 ) among the top 13, the projects with technology transfer, on average, have a larger share of estimated annual emission reduction than those without technology transfer. substantially, which implies a considerable reduction in the fuel oil consumption in the boiler and the concomitant reduction in greenhouse gas emissions. The project involves import of a process technology from an American company, which is then improved upon by the Indian project participant for the purpose of the project through in-house research and development (R&D). Thus, this is a case wherein an imported technology has been adapted and improved upon to suit the specific need of the project through in-house technological effort being undertaken by the host country project participant and hence, it qualifies for Type II TT.
The second Energy Efficiency Industry project with superior TT is located in a fertilizer production unit in India. The project is a small-scale, unilateral project with a domestic CDM consultant. The project is claimed to be the first ever attempt to preheat fuel NG in E-204B coil. The project involves technology import from a European firm, which is then improved upon by the Indian project participant through in-house R&D. Hence, this project qualifies for Type II TT. It is claimed in the Project Design Document (PDD) that the project activity is the first of its kind in India. It is further claimed that even the latest plants of the European technology supplier do not have the feature that has been developed through in-house R&D in this project. The PDD mentions that the Indian project participant has already applied for a patent on the innovation being carried out under this project.
The third Energy Efficiency Industry project with superior TT is again located in a fertilizer production unit in India. The project activity involves reduction in steam consumption through revamping (retrofit) in various sections of an ammonia plant. The project, which is a large scale project with a Japanese credit buyer and a domestic CDM consultant, involves in-house development of a technology specifically for this project by the Indian project participant through a technological collaboration with a European firm. This is a case of technological know-how being transferred through foreign technological collaboration and hence, it qualifies for Type I TT.
The Indian Biogas project with superior TT is a small scale, unilateral, project with a domestic CDM consultant. The project is a power generation project in a fertilizer unit. The project activity avoids the venting in the atmosphere of off gases containing methane and using these for productive purpose. The project involves technology import from a European firm, which is then improved upon by the Indian project participant through in-house R&D. Hence, this project qualifies for Type II TT. The project is claimed in the PDD to be the first of its kind. It is further claimed that even the latest plants of the European technology supplier do not have the feature that has been developed in this project by the Indian project participant through in-house technological effort.
The Indian Solar project involving superior TT is a small-scale project, with an international CDM consultant and a German entity involved as a credit buyer. The project activity involves the implementation and operation of solar community kitchens and similar solar steam applications in various regions in India. The project uses solar energy to prepare food and warm drinks for thousands of people on a regular basis, thereby substituting the use of fossil fuel (diesel). The project involves local development of the technology by the host country project participant through technological collaboration with Germany. Hence, it qualifies for Type I TT.
The Indonesian Solar project is a small scale project with a German credit buyer and an international CDM consultant. The objective of this project is to help people dependent on traditional fuel by introducing newly developed solar cookers and heat retention containers for cooking, heating and sterilizing of water and for preserving food. Juxtaposing the country-level findings from Figure 1 and the category-level findings from figure 2, it may be inferred that both at the country-level and at the category-level, high shares of projects with technology import need not necessarily imply comparably high shares of projects with technology transfer. The lack of close correspondence between the shares of projects with technology import and those with technology transfer may be due to a complex interplay of several factors -some of which may be country-specific, some may be category-specific, and yet others may be project specific 23 . 
Technology transfer by activity scale
It is often argued that project size strongly impacts the probability of using foreign technology under the CDM. One of the main reasons underlying this argument relates to the commercial viability of a CDM project. In general, the registration process of the CDM projects entails substantial transaction costs. Transaction costs are highly likely to be an important determining factor of the commercial viability of small scale CDM projects rather than large scale projects, at any given price of the Certified Emission Reductions (Krey, 2004, pp.56-57) . Given that small scale projects, in general, are confronted with such viability problems owing to high transaction costs of the CDM, it may be argued that such projects are less likely to use foreign technologies, because use of foreign technologies may exacerbate the already weak commercial viability of small scale projects on several counts. For one, use of foreign technologies itself usually involves higher transaction costs as compared to domestic technologies, thereby adding further to other transaction costs of the CDM. Moreover, foreign technologies are generally more expensive than domestic technologies and upfront investment costs are often higher when technologies are imported from industrialized countries 24 . Hence, it may be argued that projects involving imported technology tend to be more viable if they are large scale. Given this background, it is worth exploring from the present database whether large scale projects indeed involve a higher share of projects with technology transfer vis-à-vis small scale projects. Table 4 depicts technology transfer by host country and activity scale. On the whole, the number of large scale projects involving technology transfer is considerably higher than that of small scale projects (see the last row of scale projects compared to small scale projects (see the last row of Table 4 ). The picture becomes less clear at the level of individual host countries though. Among the top 15 countries (leaving aside Peru, which does not have any projects with technology transfer), in the case of eight countries the shares of large scale projects with technology transfer are higher than those of small scale projects, whereas the opposite pattern is visible for the remaining seven countries (see the highlighted cells in Col. 9 and 10).
It may be observed that among the six projects involving superior types of technology transfer (see Col.5-7 in Table 4 ) small scale projects are better represented than large scale projects. The sole Indonesian project with superior technology transfer is a small scale project. Among the five Indian projects found to involve Type I/Type II TT, three are small scale, while the remaining two are large scale. As discussed before, among all the 265 projects involving technology transfer, only six are of Type I/Type II, while the remaining are of Type III, which by definition involves 'technology import plus training on operation and maintenance'. Now, while a higher share of large scale projects may be expected to have technology import vis-à-vis small scale projects (for reasons explained earlier), there is no reason to expect that large scale projects are more likely to have training on operation and maintenance also. On the contrary, at least for those small scale projects that are developed by small entities, there may be a higher capacity constraint and the necessity to go for those foreign technology transactions, which also involve training on operation and maintenance. This may be one reason underlying these findings. However, it is difficult to provide further explanation of the weaker relationship between activity scale and technology transfer (vis-à-vis that between activity scale and technology import) without delving deeper into the nitty-gritty of each and every project involving technology import on a case-by-case basis.
Technology import and technology transfer by types of foreign involvement
Technology transfer under the CDM is likely to be influenced to a large extent by the involvement or otherwise of various foreign entities, such as the foreign project participants or credit buyers; international CDM consultants; parent companies of subsidiary firms hosting a project; joint venture partners; foreign technology suppliers, etc.
The nature and extent of involvement of various actors in a CDM project depend largely on the design option chosen for carrying out the project, i.e. whether the project is bilateral, multilateral or unilateral (Krey, 2004: 21-22) . For the purpose of this study, a project is considered as 'unilateral' if the Project Design Document does not mention the existence of any foreign project participant or credit buyer. This does not preclude the possibility that a foreign project participant may later enter a project, and the project may thus lose its unilateral status at a later stage. However, since the possible influence of a foreign project participant on technology transfer-related decisions mentioned in the Project Design Document is being explored here, it could well be argued that when those decisions were taken, no foreign project participant was involved, since the Project Design Document did not mention any such involvement.
It may be argued that unilateral projects are less likely to involve foreign technologies, because, the host country project participants, especially those of medium and small size, often lack adequate information about foreign technologies and often cannot afford the high cost of investment in such technologies 25 . On the contrary, in bilateral CDM projects with foreign project participants, the use of foreign technology is more likely for various reasons (Jahn et al., 2003: 9) . First of all, the financial barriers emanating from higher cost foreign technologies can be alleviated in case of the participation of one or more credit buyers. Before the project developer is allowed to sell the credits, the UNFCCC must first certify, issue and register the emission reduction and this administrative process takes time. Selling credits through a forward contract to a credit buyer may be extremely helpful in this context. It reduces the risks surrounding the investments by adding a guaranteed revenue stream. Moreover, credit buyers may also provide advice and bring expertise that may ease technology transfer (Dechezleprêtre et al, 2009: 708) .
Initially, it was thought that the CDM projects could be initiated by companies from Annex I countries to cut emissions at a lower cost through technological partnerships that would also benefit developing countries. Subsequently, however, the CDM has given birth to newer forms of companies and partnerships. International carbon credit traders and the
Box 3: Key findings on technology transfer by activity scale
On the whole, the percentage share of projects with technology transfer is only slightly higher in case of large scale projects compared to small scale projects. The pattern becomes less clear at the level of individual host countries.
CDM consultants have become the key players in bringing carbon credit transactions to fruition. Carbon traders invest in the primary carbon market at low prices and sell carbon credits to buyers at higher prices. The CDM consultants engage in the overall development of the CDM projects and facilitate in making the projects meet the stipulated requirements of the UNFCCC CDM Executive Board. In many cases, the trader and consultant are one and the same. They have strong incentives 26 , as well as the financial and technical capacities, to incorporate foreign technologies in the CDM projects (Wang, 2010 (Wang, : 2582 . Introduction of a new technology in a CDM project necessitates a methodology appropriate to meet the additionality requirements pertaining to such projects. This is a complex process and requires expertise. The carbon traders and the CDM consultants are better placed to take care of such complexities, while keeping the transaction costs low. As international CDM consultants are well-versed both in the potential project opportunities in developing countries and advanced international technology, technology import may be expected to be more likely in projects involving international CDM consultants. The same entity may sometimes even be the supplier of foreign technology 27 .
It may also be argued that the use of foreign technology is more likely in projects hosted by subsidiaries of Annex I country-based Transnational Corporations (TNCs). The involvement of a parent company may be expected to facilitate technology transfer in many ways. It may help to manage the CDM registration, provide expertise at the technology level, or provide easier access to capital, among other things (Dechezleprêtre et al., 2009: 708) .
If the host country project participant in a CDM project is involved in a joint venture (JV) with a developed country firm, it may also enhance the likelihood of technology transfer. First of all, joint ventures are often entered into by a developing country firm for gaining access to a technology over which the foreign partner from the developed country has control. Even if the joint venture partner is itself not a technology supplier, it may facilitate access to the relevant foreign technologies in various ways.
In light of the aforesaid discussion, this section explores the various kinds of foreign involvements observed in the present database and the extent to which such involvements have potential influence on technology import as well as technology transfer.
Foreign project participants, international CDM consultants and technology suppliers: interlocking of roles:
The above discussion has elaborated upon the multiple roles played by foreign entities, such as carbon traders and international CDM consultants. The present database reveals interesting findings on the extent of such interlocking, a snapshot of which is provided in Figure 3 . The following may be inferred from figure 3: a) Among the 1000 projects studied, 536 are non-unilateral, i.e. they involve at least one foreign project participant (see Rectangle 2), while the remaining 464 projects are unilateral (see Rectangle 3). In other words, non-unilateral projects are more prevalent in the database. b) Among the 536 non-unilateral projects, 387 (i.e 72%) involve an international CDM consultant (see Rectangle 4(, whereas among the 464 unilateral projects only 173 (i.e.37%) involve international CDM consultants (see Rectangle 6). In other words, international CDM consultants seem to be more common among non-unilateral projects vis-à-vis unilateral projects. ). f) It may be inferred from points (a) and (e) above that among the 536 non-unilateral projects, in 142 of cases (i.e. 27%) the same entity acts as a foreign technology supplier, CDM consultant as well as foreign project participant. This finding indicates the extent of interlocking among the three roles played by foreign entities in the CDM projects studied. g) Among the 100 projects in which the international CDM consultant does not act as a project participant (see Rectangle 9), in 11 of cases (i.e. 11%), the international consultant also acts as a supplier of foreign technology. h) A similar dual role is played by the international consultants in cases of the 40 unilateral projects as well (see Rectangle 10). i) It may be inferred from points (c), (g) and (h) that among the 560 projects involving international consultants, in 51 of cases (i.e. 9%) the same foreign entity acts as CDM consultant and a supplier of foreign technology. This indicates the extent to which the international consultants play a dual role in the CDM projects.
The aforesaid findings clearly indicate how the same foreign entities tend to perform more than one role in the CDM project cycle. 
Technology import and technology transfer: role of foreign project participants and international CDM consultants:
Having examined the extent of interlocking among the various roles played by foreign entities, this sub-section moves into exploring the possible influence of foreign project participants and international CDM consultants on technology import (see Figure 4 ) and technology transfer (see Figure 5 ). The following may be inferred from these two figures: Comparing Oval (ii) and Oval (iv) in Figure 4 , it may be inferred that while technology import seems to be more likely among non-unilateral projects, it seems to be even more likely among those non-unilateral projects that also involve international CDM consultants. Thus, the presence of foreign project participants and international CDM consultants together seem to reinforce one another when it comes to their influence on the occurrence of technology import. A similar relationship emerges for technology transfer as well [see 
Technology import and technology transfer among projects hosted by subsidiaries:
The present study also explores two other aspects of foreign involvement in the CDM projects: (i) the extent to which the CDM projects have been promoted by the subsidiaries of multinationals headquartered in some Annex I country; and (ii) the extent to which the host country project participants are involved in joint ventures (JVs) with Annex I country firms. The case of subsidiaries and their possible influence on technology import (see Figure 6 ) and technology transfer (see Figure 7) is discussed in this sub-section, while the next one deals with the case of projects involving joint ventures. Among the 1000 projects included in the database [see Circle 1 in Figure 6 ], there are only 183 projects in which the host country project participant is a subsidiary of an Annex-I country-based multinational company [see Circle 2]. So, the projects hosted by subsidiaries are only a small proportion of the total projects in the database. Among these 183 projects, in 113 of cases (i.e. 62%) the parent firm is acting as a supplier of foreign technology [see Circle 3]. In cases of 92 (i.e. 50%) projects hosted by subsidiaries, the parent firm is also a project participant [see Circle 4]. There are 78 (i.e. 43%) projects in which the parent firm is both a project participant and a supplier of foreign technology [see the Zone 5 in Figure 6 , which is the interface of Circles 3 and 4]. While among the 1000 projects studied, technology import is involved in 422 [see Rectangle (i) in Figure 6 ], among the 183 projects hosted by subsidiaries, technology import is involved in 126 (i.e. 69%) projects [see Rectangle (ii) in Figure 6 ]. Thus, In Figure 7 the star indicates the location of the six projects involving superior technology transfer (i.e. Type I/ Type II). It may be observed from the location of the star that none of these six projects are hosted by subsidiaries.
Technology import and technology transfer among projects involving joint ventures:
This sub-section explores the extent to which the host country project participants of the projects studied are involved in joint ventures (JVs) with Annex I country firms and the possible influence of the existence of such joint ventures on technology import (see Figure 8 ) and technology transfer (see Figure 9 ).
Among the 1000 projects included in the database [see Circle 1 in Figure 8 ], there are only 27 projects in which the host country project participant is found to be involved in a joint venture with some Annex I country firm [see Circle 2 in Figure 8 ]. So, the projects involving such joint ventures are only a miniscule proportion of the total projects in the database. Among these 27 projects, in 18 of cases (i.e. 67%) the foreign joint venture partner is acting as a project participant [see Circle 3]. In cases of 15 (i.e. 56%) projects involving joint ventures, the foreign partner is acting as a supplier of foreign technology [see Circle 4]. There are 15 (i.e. 56%) projects in which the foreign joint venture partner is both a project participant and a supplier of foreign technology [see the Zone 5 in Figure  8 , which is the interface of Circles 3 and 4].
While among the 1000 projects studied, technology import is involved in 422 (i.e. 42%) [see Rectangle (i) in Figure 8 ], among the 27 projects involving joint ventures, technology import is involved in 22 (i.e. 82%) projects [see Rectangle (ii) in Figure 8 ]. So, technology import seems to be more likely among projects involving joint ventures 33 . A similar picture emerges for technology transfer as well [see Rectangle (b) vis-à-vis Rectangle (a) in Figure 9 ] 34 . Technology import seems to be even more likely among projects involving joint ventures wherein the foreign partner is also a project participant [see Rectangle (iii) vis-à-vis Rectangle (ii) in Figure 8 ] 35 .
In Figure 9 , the star indicates the location of the six projects involving superior technology transfer (i.e. Type I/ Type II). It may be observed that none of these six projects involve joint ventures. 
Some caveats of the study
It needs to be mentioned that one of the main caveats of the present study is that it is based on information contained in the Project Design Documents. In the absence of primary-level information collected from the project sites, it is not possible to delve deeper into the ground realities of technology transfer or absence thereof. With a dataset of 1000 projects spread across 49 countries, it was beyond the scope of the present study to complement the secondary-level information collated from the Project Design Documents with primary-level information collected from actual project sites. While the exact figures (say, on the extent of technology transfer) obtained from this study need to be assessed with these limitations in mind, such shortcomings are unlikely to alter the core finding of the study.
Conclusions and policy implications
The core finding that emerges from this study is that the contribution of the CDM to technology transfer can at best be regarded as minimal. Out of 1000 projects studied, only 265 involve technology transfer. Among these, 259 projects qualify for Type III TT, in which technological learning and capability building are restricted only to the level of operation and maintenance of an imported technology. Only six projects involve technology transfer of Types I or II, in which the host country entity is either found to develop a technology in collaboration with some foreign entity; or the host country entity is involved in in-house technological efforts towards adapting or improving upon an imported technology.
Given that the core objective of a project participant in a CDM project is to generate carbon credits in a cost-effective manner, any decision regarding the choice of technology and its source is bound be subservient to this core objective. Given this predominant motive, the project participants may, in general, be expected to look for
Box 4: Key Findings on Technology Import and Technology Transfer by Foreign Involvements
The interlocking of the various roles played by foreign entities (e.g. project participant; CDM consultant; and supplier of foreign technology) is quite significant among the CDM projects studied here. The foreign entities also seem to have a significant influence both on technology import and technology transfer, depending on the nature of their involvements in the CDM projects. Both technology import and technology transfer seem to be more likely among projects involving foreign project participants than unilateral projects. Both technology import and technology transfer seem to be more likely in projects involving international CDM consultants than those involving domestic consultants. The presence of foreign project participants and international CDM consultants together seem to reinforce each other when it comes to their influence on occurrence of both technology import and technology transfer. Both technology import and technology transfer seem to be more likely when the host country project participant is a subsidiary of an Annex I country-based multinational firm. The likelihood of both technology import and technology transfer increases even further in those cases wherein the parent firm is also a project participant. Technology import as well as technology transfer seem to be more likely for projects in which the host country project participant is involved in a joint venture with a foreign firm compared to projects with no such joint venture. Technology import seems to be even more likely among projects involving joint ventures when the foreign joint venture partner is also a project participant.
knowledge elements in any technology import deal only to the extent necessary for successful operation of the project concerned. This seems to be one of the key reasons why learning benefits, wherever present, are generally found to be confined only to the basic level of operational knowledge of an imported technology. Moreover, the decisions on technology and its source are likely to be influenced largely by a host of other entities involved in the CDM project concerned 36 , who may not have any interest in ensuring that the project contributes to technological learning and capability building in the host country.
The governance of the CDM, particularly at the national level, could play a significant role in enhancing technology transfer under the mechanism. This is because as per the CDM rule book, it is the prerogative of the host country to define the sustainable development criteria, which may or may not include technology transfer as one of the requirements. Clearly, a host country does have at least some scope to influence the extent and nature of technology transfer under the CDM by including technology transfer under its sustainable development criteria, defining the criteria or indicators of technology transfer clearly and implementing these criteria stringently. However, this does not seem to have materialized so far in any significant extent. In fact, the role played by the host country Designated National Authority (DNA) has often been called into serious question on several counts. Sometimes, criticisms have been levelled on the grounds that sustainable development criteria, including technology transfer, are not clearly defined by the DNAs (Brown et al., 2004) . Moreover, it is not always clear as to what kind of weight is being actually attached to the different criteria by a DNA while taking a decision on approving a proposed CDM project.
Another problem is that where technology transfer might be included under the sustainable development criteria by a host country, the project proponents might try to exaggerate the technology transfer component of a project to increase the chance of getting the project cleared by the DNA. The project assessment criteria and procedure adopted by a DNA as well as the efficacy and stringency with which it examines a project may go a long way in addressing such issues. However, as revealed by Newell (2009: 428) , 'DNAs often concede that lack of capacity and resources mean they are not in a position to verify the claims project developers and investors make about support for a project or the extent to which a consultation with affected stakeholders has even taken place'. Besides, for several politico-economic factors the host country DNAs may have reasons to adopt a rather lenient approach in approving the CDM projects, thereby failing to utilize whatever potential the CDM may be having as a vehicle for technology transfer.
A major problem that has been underscored by many commentators is that of a tendency among developing countries to compete with each other to attract the CDM projects with the aim of securing a larger share of foreign funds, often by way of lowering the standards of sustainable development benefits, thereby leading to the problem of 'a race to the bottom' (Sutter, 2003 cited in Olsen, 2007 Kantor, 2007; Gordon, 2010) . Rindefjäll et al. (2010: 9) , however, argue that '(d)ifferent host countries have different priorities, and what may look like a 'race to the bottom' may in fact be a conscious strategy on the part of host countries, choosing to focus on the potential benefits from the CDM as a strategy for economic development'. If developing countries are to promote technology transfer through the CDM, under the post-2012 climate change regime, they may have to revisit their hitherto adopted policy stance on this offset mechanism. Some suggestions towards that end are provided below.
Under the new climate change regime, it is imperative for a developing country to chart out its mitigation strategies in alignment its overall development objectives and priorities and to arrive at a list of priority areas needing technology transfer in tune with the aforesaid strategies. In order to channelize technology transfer under the CDM in its priority areas a developing country may come up with an appropriate policy environment and incentive structure. In this context it is important to spell out in clear terms what is meant by technology transfer under the CDM. As noted in this study, in most of the developing countries where technology transfer has been included under the sustainable development criteria for CDM project approval, no clear cut conceptualization of technology transfer is provided for this purpose.
As revealed by the scrutiny of the Project Design Documents carried out for this study, the information on the technological issues often remains inadequate and sketchy. Under the new regime, the developing countries could require more comprehensive and clear-cut information on technology transfer so as to facilitate an informed decision making by the DNAs.
A monitoring mechanism may also be put in place by a DNA to verify whether the claims made in the Project Design Documents on technology transfer (and other aspects of sustainable development) are actually being realized on the ground. Although there is some scope for better utilizing the project-based CDM for technology transfer, its project-based nature itself suffers from certain inherent limitations in garnering technology transfer at scale. For instance, it may not, in general, be conducive to technology spillovers 37 and cumulative technological learning. It also involves high transaction costs and makes it difficult to create economies of scale and pool risks across projects of the same type. In these respects, a scaled-up CDM in the form of programmatic CDM may provide better scope for technology transfer.
The Programmatic CDM, which is still at a nascent stage 38 , has several features that are conducive to technology transfer at scale. Bundling of projects using similar technologies can benefit from economies of scale and reduce the transaction costs to a great extent. Given that the likelihood of technology transfer seems to be higher in larger CDM projects (as observed in this study), bundling of projects, particularly small scale projects, may be more conducive to technology transfer.
The possibility of including policy-based activities under the Programmatic CDM could also allow greater scope to a developing country, compared to the project-based CDM, to integrate this mechanism within its overall policy roadmap on low carbon development, in general, and technology transfer, in particular.
The scope of technology transfer under the Programmatic CDM may be enhanced through the direct involvement of the public entities in the developing countries. When a government agency serves as a broker and initiator of technology transfer, it may be able to facilitate an early deployment and development of a technology 39 .
The longer time frame for which a CDM Programme of Activities may be registered 40 offers sufficient scope for setting longer term goals on technology transfer rather than focusing only on short term emissions reduction. Notably, the geographical boundary of a CDM Programme of Activities could be an entire country. Moreover, once a Programme of Activities is registered, a 'CDM Programme Activities' (CPA) 41 may be included under its ambit at a later date without many procedural difficulties. Furthermore, there is no limit to the number of CDM Programme Activities that may be included under a Programmatic CDM at a later date. These provisions are particularly helpful in within-country diffusion of a particular technology, once it is transferred under a CDM Programme of Activities.
In fact, the Programmatic CDM may also be used for large-scale diffusion of a technology, which has already been transferred outside the ambit of CDM but is yet to achieve deployment at a required scale. The 'CFL lighting scheme -"Bachat Lamp Yojana"' -India's first registered CDM Programme of Activities is a case in point in this respect 42 .
Developing countries must also explore all other possible avenues for facilitating climate-related technology transfer beyond the CDM. The 'Technology Mechanism' established under the UNFCCC at the Cancun Conference deserves a particular mention in this context. While the Cancun Text contains a broad outline of the Mechanism, several important details remain to be worked out in the future, including the governance structure of the Mechanism and its link with the financial mechanism. The Cancun Text does not also include any reference to the contentious issues pertaining to intellectual property rights. Hence, it is essential for developing countries to engage in the subsequent negotiations in a constructive and strategic manner with a view to exploit this new window of opportunity to the best possible extent.
Developing countries may also explore the possibilities of international collaboration on technology development and transfer through various multilateral, regional and bilateral fora and initiatives. Such collaborative efforts may have the potential to facilitate access to the relevant technological knowledge, including 'tacit' knowledge, thereby helping in the development of low carbon technological capability in developing countries (SPRU and TERI, 2009: 5) . As observed by Benioff et al. (2010: 1) , although an array of programmes exists to foster international cooperation, these programmes are not yet operating at the scale and scope, or in the coordinated manner necessary, for a rapid global clean energy transformation. Hence, there is a significant scope for enhanced action in this area. 8 The chapeau of Part D of the Cancun Text (UNFCCC, 2010a). 9 The Project Design Document is the key document involved in the validation and registration of a CDM project activity. It is one of the three documents required for a CDM project to be registered, along with the validation report from the Designated Operational Entity and the letters of approval from the Designated National Authorities of the countries involved. 11 Among the top 16 countries with at least 10 projects each in the present dataset, 12 countries have included technology transfer under the sustainable development criteria for CDM project approval by the respective DNAs. The four countries that have not included technology transfer under the sustainable development criteria are Brazil, Chile, Peru and Ecuador. Among the 12 countries with technology transfer criteria, Malaysia is the only one that has elaborated upon the conceptualization of technology transfer. India is the only country among these 12 countries which has included 'within-country' technology transfer under the ambit of technology transfer for the CDM project approval by its DNA. Among the top four countries in the dataset, Brazil's sustainable development criteria for CDM project approval do not include technology transfer criteria. However, the project developers are required to indicate the project's "contribution to technological development and capacity-building" (Brazil, 2005 cited in Seres et al., 2007 . 12 Technology transfer seems to be interpreted in a variety of ways. For instance, some projects explicitly mention that there is "no technology transfer since technology is locally available", but also mention import of some minor equipments, which seems to indicate that import of a minor equipment is not regarded as technology transfer. In some cases, claims are made on occurrence of technology transfer despite explicit mention of the use of domestic technologies and equipments! One project clearly spells out that the main technology is imported and accompanied by training on operation and maintenance by the technology supplier; but explicitly mentions that there is "no technology transfer". Under the heading "training as a way for technology transfer", one project mentions how training of local staff on operation and maintenance of an imported technology would contribute to technology transfer. One project mentions that technology is provided by a particular foreign firm "without any technology transfer", apparently indicating that mere technology import is not regarded as technology transfer. In some Project Design Documents, claims on technology transfer are included for "within-country" transfer of technology, despite the fact that the sustainable development criteria of the relevant host country DNA does not regard within-country technology transfer as a form of technology transfer for the purpose of CDM project approval. In cases of quite a few projects studied, the Project Design Documents are found to claim credit for technology transfer that has already happened before and has got nothing to do with the particular CDM projects as such.
developed their own definition of project categories and sub-categories. The database constructed for the present study has followed this classification (see Table 1 ). 18 With 75% of projects among the total of 1000, the top four countries account for 73% of the 265 projects involving technology transfer. 19 The Indonesian project involves technology import from Germany as well as training on operation and maintenance, thereby qualifying under Type III TT. It also involves adaptation by the host country project participant of an imported technology to local conditions, thereby qualifying under Type II TT (see Box 1) . 20 For HFCs, the share is not >60%, but it is nearly 60%. 21 With 71.3% of projects among the total of 1000, the top five categories account for 65.3% of the 265 projects involving technology transfer. 22 Among these six projects, the Indonesian Solar project is the only case, which involves technology import plus training on operation and maintenance. Thus, this project would have qualified under Type III TT category also. However, given that Types I and II TT are qualitatively superior to Type III TT, this project has been included under Type I/II and has been excluded from counting under Type III TT, so as to avoid double counting. 23 As mentioned before, apart from six projects involving Type I/Type II TT, all other projects involving technology transfer belong to Type III TT (which involves 'technology import plus training on operation and maintenance'). So leaving aside these six projects as outliers, for all other projects involving technology import, the findings from Figures 1 and 2 imply that the high shares of projects with technology import need not necessarily imply comparably high shares of projects with training on operation and maintenance. This may be due to various reasons. For instance, in some host countries the project portfolio may be dominated by certain types of projects that typically involve equipment import coupled with training on operation and maintenance. For those host countries technology transfer would show a close correspondence with technology import. In some other host countries, however, the project portfolio may be dominated by those categories of projects where there exist adequate local capabilities to operate and maintain imported technologies. In those host countries technology transfer may not be aligned closely with technology import. 'Technology import' has been defined in this study to include those cases also where the main technologies are locally procured and maintained, but only some minor equipments are imported. In such cases, training may not be required for operating and maintaining the minor imported equipments, resulting in a lack of close correspondence between technology import and technology transfer. So on and so forth. 24 Foreign technologies used in the CDM projects studied here predominantly come from Annex I countries. Among the source countries of technology, Ireland tops the list providing technology in 87 projects, followed by the USA (46 projects), Germany (41 projects), Japan (30 projects), Spain (30 projects) and so on. Among the 422 projects involving technology import, only in cases of 34 (8%) the technology has been supplied by another Non-Annex I country. Among the technology supplier non-Annex I countries, Taiwan tops the list, having supplied the technologies in nine projects (eight in Agriculture and one in Biogas). Taiwan is followed by Brazil (with seven projects -all belonging to Biomass Energy); and India (with four projects -three in Wind and one in Biomass Energy). 25 For support, see Wang (2010 Wang ( ), p. 2581 In his study of technology transfer to China, Wang (2009) observed that "(a)lthough few carbon traders and consulting companies have implemented TT in CDM projects in China, the strong economic incentive to do so, and the advantages of traders and consultants in linking international technology providers and Chinese CDM project owners, would likely make them active agents in promoting TT through CDM" (p.20). 27 For a detailed discussion on the different forms of involvements of carbon traders and international CDM consultants in the CDM projects, refer to Wang (2010 Wang ( : 2583 28 Among the 464 unilateral projects, only 118 (25%) involve technology import. 29 Of the remaining 817 projects that are not hosted by subsidiaries, technology import happens in 296 (36%) projects. 30 Among the 817 projects that are not hosted by subsidiaries, technology transfer happens in only 156 (19%) projects. 31 For the remaining 91 projects where the parent firm is not a project participant, technology import happens only in 43 (47%) projects. 32 Among the 91 projects, where the parent firm is not a project participant, technology transfer occurs in only 38 (42%) projects.
